In 1980, the brothers Cedric and Frank Garland proposed the ultraviolet-B (UVB)-vitamin D-cancer hypothesis after observing that US colon cancer mortality rates were lowest in the sunny southwest and highest in the least sunny northeast. 1 The evidence that UVB irradiance and vitamin D reduce the risk for many cancers continues to increase. As of March 16, 2013, PubMed included 3,036 entries with vitamin D and cancer in the abstract or title. Evidence supporting this hypothesis comes from a variety of studies:
irradiance and chronic UVA irradiance are important risk factors for both melanoma and basal-cell carcinoma, 24, 25 whereas chronic sun exposure is not. 26 This index significantly inversely correlated with 14 internal cancers (see Table 1 ); for women, the same UVB index was inversely correlated with bladder, breast, and colon cancer. 7 UV irradiance is the primary risk factor for NMSC. Thus, diagnosis of or death from NMSC can sometimes serve as an index of high serum 25(OH) D concentration over a prolonged period. Two ecological studies inversely correlated internal cancer mortality rates with NMSC mortality rates: one in Spain for 1978-1992 27 and one in California for [1950] [1951] [1952] [1953] [1954] [1955] [1956] [1957] [1958] [1959] [1960] [1961] [1962] [1963] [1964] . 28 A recordlinkage study also found significant inverse correlations between diagnosis of basal-cell carcinoma and squamous-cell carcinoma in sunny countries (Australia, Singapore, and Spain) and liver, lung, and pancreatic cancer, as well as nonsignificant inverse correlation with bladder, colon, gastric, ovarian, prostate, and renal cancer. 8 Diagnosis of these skin cancers directly correlated with all types of cancer in less sunny countries. The likely explanation for the difference between the two types of countries is that sunnier countries are warm enough that people spend more time in the sun and expose more skin area when they do. Prospective studies with follow-up times greater than 3 years have found nonsignificant inverse correlations between breast cancer incidence and 25(OH)D concentrations from serum drawn at time of enrollment. 37 However, similar prospective studies of colorectal cancer have found significant inverse correlations for follow-up times as long as 12 years. 37 The difference between these two cancers is that breast cancer grows much faster. For example, breast cancer diagnosis rates are higher in spring and fall. This finding has been attributed to vitamin D's reducing risk in summer and melatonin in winter. 39 A prospective study of seven cancers with respect to serum 25(OH)D concentration with a mean follow-up time of 9 years found no cancers with an inverse correlation with respect to serum 25(OH)D concentration. 40 The problems with this study are not only the long follow-up time but also the few cancer cases. As a result, the 95 % confidence intervals for the odds ratio for the highest quantile of 25(OH)D were 30-50 %. See Grant 41 for the relevance of number of cases.
Black Americans have lower cancer-specific and all-cause survival rates after diagnosis of cancer. Many studies have explored these relations, accounting for socioeconomic status, stage at diagnosis, and treatment provided, finding that blacks have survival rates anywhere from zero to 50 % lower than those of white Americans. Such studies were recently reviewed.
The difference in population mean serum 25(OH)D concentrations for black Americans (16 ng/ml) and white Americans (26 ng/ml), 42 along with the serum 25(OH)D-breast and colorectal cancer incidence relations, 11 estimated the disparity in cancer survival rates at 25 %. The strength of evidence is estimated by the number of types of studies supporting a beneficial role for each cancer. Nine cancers had what I judged to be strong evidence, eight had moderate evidence, and six had weak evidence. One problem with such ranking is that studying the less common cancers is harder because fewer cases are available. 41 Most likely, several cancers with evidence ranked as moderate could be considered strongly affected by UVB and vitamin D. Table 2 gives an overview of strengths and weaknesses of various study types regarding vitamin D and risk for cancer. • Enroll people in the study who have serum 25(OH)D concentrations near the low end of the relation.
Mechanisms
• Supplement them with enough vitamin D to raise serum 25(OH)D concentration to near the upper end of the relation.
• Consider other sources of vitamin D.
• Remeasure serum 25(OH)D concentrations during or at study end.
So few RCTs have followed these guidelines that when the Institute of Medicine reviewed the evidence that vitamin D reduced risk for adverse health outcomes, it found convincing evidence from RCTs only for bones. 53 Another problem is that the time of life when vitamin D or diet is beneficial may be at a much younger age than that of those enrolled in RCTs, and determining whether younger people were used may take many years.
Several studies found reduced risk for cancer for those with higher solar UVB irradiance in youth or early adulthood. 59 A multicountry ecological study found that animal fat in the national dietary supply was highly correlated with rates for many cancers. 55 This finding was disputed for nearly 3 decades until cohort studies found that animal products were an important risk factor for breast cancer for younger women. 56 Studies of risk factors for Alzheimer's disease should enroll people for 40 years.
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Ultraviolet Irradiance and Vitamin D Concerns
Because the strongest evidence that vitamin D reduces cancer risk comes from ecological studies based on indices of solar UVB doses, people could be advised to spend more time in the sun. 58 Although doing so entails risk for skin cancer and melanoma, the risk should be minimal for those with skin type suited for the UV dose where they live. 59 One should not stay in the sun long enough to develop erythema, or reddening. 
